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ABSTRACT 

 

 

 

 

The practice of unsustainable energy use in the university campus results in 

continuous emission of carbon dioxide (CO2), a predominant global warming 

greenhouse gas (GHG). Achieving emission-free campus environment infers the 

reduction of CO2 emission, through the analysis of the sources, types and the extent of 

emission on the campus. Existing carbon emission calculators are cumbersome, 

complex and not easily understood by university administrators and require 

background knowledge of environmental science to interpret the results. This study 

investigates the pattern of energy currently in use within Universiti Teknologi 

Malaysia (UTM) main campus with a view to determine the sources of emission of 

carbon dioxide from operations in the campus. The study identified two types of 

energy consumption - electricity and transport and five (5) major service demand 

sectors of energy use.  Energy use data were collected from the transport and 

electricity sectors in the campus, and a prototype carbon calculator called the 

Malaysian University Campus Emission Tool (MUCET) was developed and applied to 

determine the extent of emission from each service sector. It was observed that the 

Teaching and Learning sector constitutes 31% of total carbon emission followed by 

the Transport sector with 26%. Students‘ hostels has 22%, while the Information and 

Communication Technology sector and the Administrative and Support Services 

sectors have 11% and 10% of total CO2 emission respectively. Finally, MUCET can 

be used for CO2 assessment in other universities to present the emission scenarios as 

well as facilitate the setting of targets to reduce CO2 emission. In conclusion, the study 

suggested mitigation strategies such as energy efficiency, behavioural changes and the 

use of bio-fuels to combat carbon emission in UTM. Also, the need for cooperation 

and collaboration in terms of emission reduction among Malaysian universities was 

recommended as a key step to promote university campus energy sustainability. 
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ABSTRAK 

 

 

 

 

Amalan menggunakan tenaga bukan lestari dalam kampus universiti 

menyebabkan pengeluaran berterusan karbon dioksida (CO2), yang merupakan gas 

rumah hijau pemanasan global yang dominan (GHG). Mendapatkan persekitaran 

kampus yang bebas pelepasan CO2 membawa kepada cadangan pengurangan 

pelepasan CO2 melalui analisis terhadap punca, jenis dan tahap pelepasan gas tersebut 

didalam kampus. Pengira bagi mengukur pelepasan karbon yang ada sekarang ini 

adalah rumit, kompleks dan tidak mudah difahami oleh pentadbir universiti. Ia 

memerlukan pengetahuan asas tentang sains alam sekitar bagi mentafsirkan 

keputusannya.  Kajian ini menyiasat corak atau pola penggunaan tenaga di kampus 

induk Universiti Teknologi Malaysia (UTM) dengan hasrat untuk mengenalpasti 

punca pelepasan karbon dioksida dari operasi kampus. Kajian ini mengenalpasti dua 

(2) jenis penggunaan tenaga di UTM, iaitu letrik dan pengangkutan serta lima (5) 

sektor pengguna tenaga yang memerlukan perkhidmatan. Data penggunaan tenaga 

dikutip dari sektor pengangkutan dan letrik dalam kampus UTM dan kaedah prototaip 

pengiraan karbon yang dipanggil ―the Malaysian University Campus Emission Tool 

atau MUCET‖ telah dibangun dan digunakan bagi menentukan tahap pelepasan gas 

bagi setiap sektor perkhidmatan. Adalah di dapati bahawa sektor Pengajaran dan 

Pembelajaran menyumbang sebanyak 31% daripada jumlah pelepasan karbon didalam 

kampus UTM. Ia di ikuti oleh sektor Pengangkutan sebanyak 26%. Asrama pelajar 

pula menyumbang sebanyak 22% sementara sektor Teknologi Maklumat dan 

Komunikasi serta Sektor Pentadbiran dan Perkhidmatan Sokongan pula menyumbang 

sebanyak 11% and 10% daripada jumlah pelepasan karbon. MUCET juga boleh 

digunakan bagi mengukur pelepasan CO2 di kampus universiti lain bagi 

menggambarkan senario pelepasan serta membantu menetapkan sasaran bagi 

pengukuran pelepasan CO2. Kesimpulannya, kajian ini mencadangkan strategi 

pengurangan pelepasan seperti kecekapan tenaga, perubahan sikap dan penggunaan 

bahan api-bio bagi menangani pelepasan karbon dalam UTM. Selain dari itu adalah di 

sarankan supaya diadakan kerjasama dan kesepakatan dikalangan universiti di 

Malaysia untuk mengurangkan pelepasan karbon sebagai salah satu usaha utama 

menggalakkan kelestarian penggunaan tenaga kampus universiti.  
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

Introduction 

 

In the light of current problems of environmental sustainability and global 

warming issues, planning sustainable university campus through reduction of 

emission of carbon dioxide from energy use is desirable. The Intergovernmental 

Panel on Climate Change (IPCC) of the United Nation issued a consensus report 

(IPCC, 2007) that the main causes of climate change was human activities and 

predicted that continued buildup of carbon dioxide and other greenhouse gases would 

cause a rise in global temperature and sea levels.  

 

The concern for global warming is therefore associated with CO2 emission 

from energy, and focuses on the potential of the university campus to establish new 

thinking about energy use by way of research programs, investment decisions and 

training directed towards the management of energy use to reduce carbon dioxide 

emission. This research considers the carbon emission from energy use within the 

university campus environment and also identifies planning issues affecting the 

performance of the university campus in relation to sustainability and global 

warming. 

 

For decades a number of International sustainability declarations directed at 

higher education institutions existed, among which are the Stockholm Declaration 

(1972), the Talloires Declaration (1990), and the Kyoto Declaration (1993) to 
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mention a few. Current actions being taken on campuses show that environmental 

sustainability is not entirely new to universities. However the approach and tools of 

assessment differ in the criteria considered for rating which ranges from site 

planning, water efficiency, health and comfort, land use and ecology, economy, 

energy efficiency, service quality and waste management.  

 

This broad nature of sustainability goals permitted a range of diversity in its 

perception, resulting into series of interpretations about sustainability goals. 

However, the main focus today is on the potential of the university campus to 

establish new thinking about energy use, to save cost and reduce their global 

warming impact through reduction of carbon dioxide emission.   

 

According to Hardy (2008), nations are setting targets to reduce carbon 

emissions, groups are also getting together to live more sustainably and individuals 

are making their own lifestyle changes. Carbon emission inventory has become the 

trend in most countries and universities worldwide are now seeking ways to reduce 

their emission of greenhouse gases (GHG) by making inventory and setting emission 

targets. This may assist to combat the consequent ecological catastrophe of the 

increasing global warming due to increasing population in the universities which 

imply increase in energy consumption and continuous emission of carbon dioxide 

owing to the consumption of fossil fuel-based energy. 

 

This chapter looks at the background of the study with an emphasis on global 

warming concerns and sustainability initiatives of university campus towards 

reduction of carbon emission. The problem statement describes the issues of energy 

use and the barriers to university campus sustainability, while the chapter also 

presented the objectives, scope and significance of this study.  Finally, an outline of 

the thesis content is described. 
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1.2     Background of the Study 

 

Human activity and practices require energy for lighting, cooling and other 

domestic purposes as well as for movements and manufacturing and to sustain life. 

However, some sources of energy usually place stress on the environment and result 

in the emissions of carbon dioxide and other greenhouse gases (GHG) which impacts 

negatively on the global environment and require attention. The current problems of 

global warming require the involvement of the university through the reduction of 

carbon dioxide emission from energy use in the campus. 

 

The university plays significant role in human development and economic 

growth by imparting knowledge and grooming the graduates (Rosan, 2002, 

Greenspan, 2003). Also, universities are among larger developers of communities 

(Knox, 2002), where new buildings such as classrooms, offices, dormitories, or 

research spaces are regularly constructed. The activities of the university encourage 

high population concentration which requires energy for operation, processing and 

lighting and also attracts high vehicular traffic resulting in high energy consumption.  

 

Global warming is credited to increasing carbon emission from energy 

consumption by human activities and the current technological practices that favor 

the use of fossil fuels as major sources of energy (IPCC, 2007). The university 

becomes relevant in view of considerably high impact of higher institutions of 

learning on the environment as well as the potentials that can be developed to model 

sustainable energy use and low carbon emission within the campus. Therefore 

combating climate change, and cutting carbon emissions, is a predominant 

environmental challenge, and measuring a university‘s carbon emissions is a key 

environmental criterion. 

 

The impact of the energy use for the activities and operations of universities 

on the environment made campus sustainability an issue of concern, because the 

majority of the energy source today is fossil fuel based and the high energy 

consumption in most universities result in high carbon emission 
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Universities feature large concentrations of population, many of whom work, 

live, learn and recreate on the campus (Rappaport, 2008). Meanwhile, the use of 

classrooms, laboratories, offices and catering for activities of the university have 

direct impacts on the environment, while indirect activities such as the consumption 

of food and drink at work by students and employees also generate negative 

environmental impacts (Lukman, 2009). Therefore the large physical and 

demographic sizes of the university campuses, as well as electricity consumption in 

operating machines and transportation fuels, result in high emission of carbon 

dioxide (Alshuwaikhat and Abubakar, 2008). These have serious implication on 

environmental quality. 

 

The resources consumed by the global university population and educational 

institutions are very high. For instance there are over 13,000 Higher Education 

Institutions worldwide (Webometrics, 2009), about one-third of this population are 

based in Europe having a student population of over 18 million (Eurostat, 2009).  

Similarly, about 17 million students enrolled in 4,200 colleges and universities in the 

United States (Rappaport, 2008). Therefore improving the collective environmental 

performances associated with CO2 emission from energy use, of colleges and 

universities could have long-term influence and the effect on global warming may be 

vast. 

 

The assessment of the environmental implications of university activity on 

university campus is not uncommon (Velazquez, et al., 2006). Universities can make 

significant impact in promoting a sustainable future (James, 2009) through the 

measurement of carbon dioxide emission. It is believed that the implementation of 

sustainable practice in the university campus is one method of addressing the global 

climate change (Pepple, 2009), therefore Cortese (2005) proposed the engagement of 

universities in environmental sustainability experimentation. Never the less, this 

research believes that environmental sustainability can be better realized when 

common criteria such as carbon emission from energy use are assessed and 

adequately measured among the universities. 
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Based on the potentials of the university campus to establish new thinking 

about sustainability, recent literature are focusing more attention on the relevance of 

the carbon emission to global warming (State of the World, 2009). Similarly, 

evolving trend of global warming efforts and initiatives among universities include 

Sustainable Campus Management (Alshuwaikhat & Abubakar, 2008, Clarke, et al., 

2006), Ecological Footprint (Flint, 2001, Stewart, 2005), Inventories of Greenhouse 

Gas Emission and Carbon Reduction (Isham, 2003, Elderkin, 2007) among others.  

 

Recent concerns are associated with global warming and CO2 emission from 

energy use. The growing interest among universities campus environment, and 

evolving concept view carbon emission reduction as an important tool to aid the shift 

to sustainability (Pappaport 2008). Therefore majority universities are undergoing a 

wave to reduce the environmental effects of campuses by reducing energy 

consumption and carbon emission in the universities (Lukman, 2009, James, 2009). 

 

Universities worldwide are challenged to take up leadership positions in 

sustainability (ULSF, 2008). Currently, most university sustainability initiatives are 

anchored on the management of the energy sector and aim to reduce their emission 

of carbon dioxide, which is regarded as the major driving force for global warming.  

Unlike in Malaysia, setting emission targets as ways to reduce global warming 

impacts through carbon dioxide and other greenhouse gases (GHG) emissions in 

most universities is common in US, UK and Canada among others.   

 

Examples of the initiatives to reduce global warming impacts of university 

campuses include the Carbon Neutrality, in Middlebury College, Building 

Environmental Sustainability, Bowling Green State University, Ohio; Ecological 

Footprint Calculation, University of Toronto Mississauga, Canada; Sustainability 

Plan of Maharishi University, IOWA; Yale Greenhouse Gas Reduction Strategy; and 

the Campus Sustainability Assessment, University of California, Berkeley among 

others. However, this trend of sustainability assessment is yet to be popular among 

Malaysian universities in view of local barriers and other criteria.  
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The need to limit the increasing global warming and prevent dangerous 

climatic change is critical (Hare 2009). But reducing or halting global warming 

requires the measurement and determination of the existing levels of CO2 emission 

so as to manage and effectively plan the reduction. This requires the assessment of 

the energy use resources. Furthermore, existing environmental sustainability 

assessment tools are diverse in the criteria considered for rating (Appendix A).  

 

Similarly, evolving concepts of measurement and assessment such as Life 

Cycle Assessment (LCA), Ecological Footprint, and Carbon Footprint (Conway et al. 

2008, Velazquez, L. et al., 2008, Flint, 2001) among others, are also not popular 

among Malaysian universities. Although these concepts are acceptable for the 

assessment of environmental performance (Flint, 2001; Venetoulis, 2001; Dawe et 

al., 2004; Wright, 2002, Stewart 2005), their uses often require expert knowledge in 

environmental sciences to understand and interpret results for purpose of planning 

and implementation  by university administrators.  

 

Notwithstanding, university campus initiatives are increasingly directed 

towards assessing the impact of university operations on the climate and global 

initiatives are directed towards sustainability (Dennis Hardy, 2008), which is rapidly 

moving from an abstract concept to a measurable state of dynamic human-ecological 

systems (Mayer, 2008). Recent developments in university campus sustainability 

assessment are also measuring and assessing environmental and carbon footprint. 

Therefore, setting targets to reduce emission of CO2 in the university is a measure of 

campus sustainability (Greadel, 2002) and regarded as a step towards reducing 

contribution of the campus to global warming. 

 

It is evident today that carbon emission is a common global sustainability 

issue as a result of fossil fuel based energy consumption, (Hardy, 2008, Arrow,  

2007, Pope et al, 2004), because energy connects everything to everything else more 

universally and more quantifiably than any element (Jiusto, 2003).  Therefore energy 

is central to sustainability and there cannot be sustainable university development 

without sustainable energy development.  
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Colleges and universities have been at the forefront in addressing 

sustainability and global warming issues through innovative energy use, energy 

conservation practices and clean power technologies (Eagan, et al., 2008). A similar 

effort to achieve sustainability among universities is the American College and 

University Presidents‘ Climate Commitment (ACUPCC) through an initiative 

challenging institutions to quantify, reduce and ultimately eliminate their greenhouse 

gas emissions.  

 

Consequently, other universities are grouping together to form partnerships to 

pursue the goals of sustainability. For instance the New Jersey (USA) Higher 

Education Partnership for Sustainability – (NJHEPS) in 2008, was also committed to 

reducing the greenhouse gas emissions and promoting positive changes in the 

environment of member universities.  

 

Despite a growing interest among universities towards sustainability 

initiatives and partnership the tendency among Malaysian universities is to embark 

on individual approach to sustainability. Some of the initiatives include the Greening 

the Office in Universiti Sains Malaysia (USM), the Land Green Program in UKM to 

Create Awareness of Climate Change, World Green Metric Rating of Universiti 

Putra Malaysia (UPM), and Campus Sustainability initiatives of Universiti Teknologi 

Malaysia (UTM) in areas, of Socio-cultural, Economic and Eco-system Policies. 

Therefore, other universities do not benefit from such sustainability initiatives and 

actions or from the lessons learnt due to the absence of collaboration on 

sustainability goals. 

 

However, the potential to model the transition to a low-carbon future and 

facilitate the practice of energy sustainability would require a tool to measure the 

carbon emission from energy use related sources in the campus in a manner easier to 

understand by university administrator so as to set target and guidelines to achieve 

campus sustainability among Malaysian universities. 

 

Also, there is a need to specifically encourage collaboration and partnership 

on sustainability goals among Malaysian universities by assessing the impact of the 

operations of the universities on global warming, and determining the amount of 
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carbon emission from energy use within the university campus. This may offer the 

opportunity for benchmarking and setting targets to reduce the global warming 

potential of the universities as well as improve environmental performance and also 

inculcate sustainability awareness among the students.  

 

This study uses Universiti Teknologi Malaysia (UTM) as case study and 

identifies unsustainable energy practices as a current planning issue and the absence 

of carbon emission measuring tool as a barrier affecting the performance of 

Malaysian universities towards reducing carbon emissions in their campuses. It 

therefore proposed and developed the Malaysian University Carbon Emission Tool 

(MUCET) as a means to determine the extent of carbon emission from the university 

operations, simulate and predict emission for future university developments, as well 

as to achieve improved environmental condition.  

 

Finally, the study recommended mitigation strategies as a preliminary 

approach to solving energy sustainability problem in Malaysian university campus, 

and also proposed behavioral and the use of  renewable energy sources while 

indicating that establishing partnership and collaboration would be most effective 

approach to achieve sustainability goals among the nation‘s universities.  

 

 

 

 

1.3  The Rationale of the Study 

 

This research was motivated by the need to achieve university campus 

sustainability in Malaysia. Similar studies previously investigated the ‗Energy 

Management Key Practices for Universities in Malaysia‘ (Low S. T. 2008), 

‗Perception of UTM‘s Community towards Sustainable Campus‘ (Gobi, K. A., 

2009), ‗Factors of Sustainability for UTM Campus Initiatives‘ (Nurulain. Binti A. 

Jalal, 2010), while Zainura Zainon Noor (2010), worked on ‗Calculating UTM 

Carbon Footprint: Towards Creating A Neutral Carbon Campus‘ and Choong, Weng 

Wai, et al. (2010) examined ‗Energy Conservation Opportunities in Malaysian 

Universities‘.  
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Many universities in Malaysia have shown initiatives to create sustainable 

environment through various projects and research activities (Aini Mat Said et al., 

2003). Creating sustainable university in Malaysia is still at ―pioneering and infancy 

stage‖ as a result of constraints by a number of barriers (Nazirah Zainul Abidin, 

2009) some of which include low priority for environmental issues, lack of 

coordination between advocates and key constituencies as well as the lack of 

consensus on the understanding of the concept of sustainability and inadequate 

planning. Hence there is the need for the understanding of the concept of 

sustainability and also the need to identify a melting point for sustainability practices 

among the universities.  

 

This study contributes to bridge the gap for the above need through better 

measuring tool for the assessment of carbon emission from energy use in the campus 

so as to manage energy consumption pattern in a sustainable manner and allow the 

setting of targets to reduce the contribution of the university CO2 emission to global 

warming 

 

This research is in line with aspiration of the Malaysian government to reduce 

40% of carbon emission by year 2020 (Ho et al., 2011). The study will offer 

opportunity to reduce the contribution of University Teknologi Malaysia to global 

warming, and can be emulated by other universities. The rationale is to develop a 

prototype tool to ease and encourage the calculation of CO2 among universities 

through inventory of carbon emission as well as present empirical information on 

carbon emission from energy use in the main campus of UTM.  

 

Designing appropriate approaches for the measurement and reduction of CO2 

emission from energy use in the university campus will create a low carbon campus 

and ensure environmental sustainability in UTM. This may promote sustainable 

physical operations, and encourage inter-university cooperation among Malaysian 

universities in Malaysia. 

 

The study will provide a practical framework for the assessment of the 

university‘s global warming potential which may be useful in making informed 

decisions towards developing and implementing sound policies and practices for 
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sustainable university campus. It will promote and foster the adoption of best 

practices in the society at large and also serve as inspiration to other universities in 

the country as well as encourage future research in this direction. 

 

 Quantifying CO2 emission in the university in this manner will serve as an 

encouragement to corporate bodies and other universities to establish sustainable 

development code of practice and implement practical reporting systems which will 

facilitate monitoring and assessment of carbon dioxide emission over time. In 

addition, the study will contribute to literature on global warming issues among 

university campus and to low carbon campus movement and it will also assist to 

reduce emission intensity in Malaysia.  

 

Finally, the study will present the picture of carbon emission from service 

demand areas and energy use types in UTM to assist the authority in making 

informed policy decisions and focusing attention on sectors or uses with high 

emission and also to serve as benchmark base on which emission targets may be set 

in order achieve low carbon campus which is a subset for sustainable campus 

development. 

 

 

 

 

1.4     Problem Statement  

 

The growth and expansion in the form of construction of new classrooms and 

better-equipped laboratories; libraries and residences to enhance the educational 

mission of the university, continues to accumulate carbon dioxide (CO2) at an 

increasing rate (Rappaport, 2008). Similarly, investments in state of the art facilities 

and amenities by the university as well as bulk electronic and electrical devices that 

students bring to the campus also consume great deal of energy and increase energy 

consumption and the campus carbon dioxide emission. 

 

The growth in sizes of universities infers high concentration of people and 

high traffic movement in the campus. The teaching and learning service delivery, as 

well as the residential and administrative activities also involve high energy demand 
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for lighting, cooling, and running appliances. Similarly, the movement of vehicles 

within the campus also consume high amount of fossil fuel energy, whose 

consumption results in carbon emission. This large consumption of energy in 

university campus results in higher CO2 emission where aggregate emissions of the 

global university population may influence global warming. As a prerequisite for 

sustainable campus development, there is the need to correct the trend through 

strategies for low carbon emission. 

 

The problem of carbon emission is more pronounced specifically in 

universities with large population and large spatial size, whose design requires the 

use of automobile to travel from one place to another within the campus. With a 

population of about 25,000 and a spatial size of 1157 hectares Universit Teknologi 

Malaysia provides an ideal case study where high energy use is required to support 

the activities of the large population, and also to support operations and movement 

within the large spatial area. The university consumes about 55,318 MWh (Megawatt 

hour) of purchased electricity annually from Tenaga Nasional Berhad (TNB), and 

has an average daily commuting population of about 14,540 vehicles; this resulted 

into high concentration of carbon dioxide emission which may have implication for 

the atmospheric greenhouse gases and global warming. 

 

The activities and lifestyles of the university population through 

transportation, domestic energy use, and energy consumption pattern contribute to 

CO2 emission and global warming (Caves et al. 2007). Since the majority of the 

campus sources of energy depend on a mixture of fossil fuel generated electricity, 

reducing CO2 emission from energy use infers reducing the university campus‘ 

contribution to global warming. Preventing the carbon dioxide from entering the 

atmosphere, or at least reducing the magnitude will require the knowledge of the 

existing quantity of emission. 

 

  High financial cost of measurement is required to determine the extent of 

carbon emission, but the approach and process of achieving this varies and the 

existing tools of assessment are ambiguous in nature. The outcome is not easy to 

translate to action plans for planning and implementation purpose and not easily 

understood by administrators who lack the knowledge of environmental sciences.  
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Best practice approaches to university campus sustainability show 

collaboration and partnerships as well as the establishment of guidelines and policies 

to direct campus sustainability efforts of member universities. However this manner 

of sustainability practices is yet to manifest at appreciable scale in Malaysia. 

Similarly existing assessment tools and initiatives are unsuitable for Malaysian 

situations in view of variation in socio-economic and socio-psychological 

characteristics.  

 

In order to address the phenomenal global warming issue in the Malaysian 

university campus there is a need to develop a tool to measure the extent of carbon 

emission so as to identify areas of high emission and set targets to reduce it. The 

collective effect and long-term influence of reducing the contribution of universities 

carbon emission could be vast and improve environmental quality. 

 

Therefore there is the need to develop a suitable approach to promote 

environmental sustainability by reducing carbon emission from energy use among 

Malaysian universities. In the light of this need and the desire to realize the Eco-

system Policy of UTM, this study focused on the university‘s global warming 

potentials by considering carbon emission from energy use, as a step towards 

university campus sustainability. The study will reduce emission and mitigate the 

university‘s contribution to global warming towards achieving the aspiration of 

sustainable campus through the objectives of low carbon emission in UTM.  

 

Among the specific research problems for this study therefore are listed as 

follows: 

i. Large population and large spatial area of university environment, causes 

high consumption and high energy use which depends on fossil fuel and 

result in high carbon dioxide emission. 

ii. Absence of initiatives and partnerships to promote common sustainability 

goals among Malaysian universities. 

iii. Lack of financial commitment to research and implement energy 

sustainability goals. 
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iv. Existing sustainability assessment tools and initiatives require expert 

knowledge of environmental scientist to interpret and translate to action 

plans by administrators for planning and implementation purposes  

v. Reluctance of the university community to undertake carbon inventory 

because existing campus calculator are cumbersome and not suitable for 

reduction of carbon according to university service demand sectors. 

 

 

 

 

1.5   Objectives of the Study 

 

The issue being addressed is to develop a prototype tool for assessment of 

university campus carbon emission to be applied and facilitate planning and 

implementation of the emission target for carbon reduction so as to achieve 

sustainable campus. The objective of this study is to carry out an assessment of the 

carbon emission of UTM main campus based on energy use.  

 

The study focused on the activities and operations of university in order to 

determine the extent of the emission of carbon dioxide in the campus. It also 

considered the sources and types of energy use in the university and the emission of 

carbon dioxide from the various sectors of energy consumption as a key step towards 

reducing carbon emission and encouraging sustainable energy practices in the 

university campus.  

 

The objectives of this research are to:- 

i. Identify the energy consumption pattern of the university campus. 

ii. Develop a prototype tool for the assessment of carbon emission in the 

university.  

iii. Determine the annual carbon emission of the energy use types for the 

university using the proposed tool; 

iv. Suggest actionable initiatives to reduce CO2 emission in the university 

and achieve sustainable campus. 
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The conceptual framework for this study is based on the fact that educational 

activities contribute substantially emission to the global environment resulting in 

global warming and universities are in best position to provide leadership for 

sustainable living, through reduction of carbon emission. Therefore, the study will 

determine the total emission within the campus based on the university activities and 

relevant data on energy use. 

 

 

 

 

1.6  Scope of the Study 

 

The relevant sources of energy use for this research include the energy use for 

mobility, energy use for domestic purpose and energy use for industrial and 

manufacturing purposes (Worldwatch Institute, 2008). However, this research was 

based on the assessment of only two (2) major sources of energy use, that  is, energy 

use in electricity energy (for lighting cooling and to run other appliances) and energy 

use in transportation (movement of goods and services) within the university 

campus. The measurement of the third type of energy use is beyond the scope of this 

study mainly because the study considered energy use and carbon emission mainly 

from within the campus.  

 

Therefore this study is based on the assessment of emission of greenhouse 

gases, particularly carbon dioxide (CO2) generated from on-campus energy use for 

electricity and transport in the university campus.  This involves the inventory of the 

actual carbon emission due to the energy use for comfort, processing, operation and 

movement within the university campus.  

 

There are three (3) major scopes considered in the inventory of carbon 

emission of university campus: for the purpose of this study scopes 1 and 2 

emissions were considered to determine the amount of carbon dioxide emission from 

energy use of the service sectors of UTM main campus. These are: 

i. Direct Emission - UTM‘s bus and vehicles fleet, University shuttle Bus, 

all in-coming vehicles (Scope 1) 

ii. Indirect Emission - Purchased energy / Electricity from TNB (Scope 2) 
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In view of the uncertainty of calculating Scope 3 emissions accurately it 

is exempted from most university carbon emission inventories and mandated to be 

included only by the California Climate action registry as directed by the ACUPCC. 

The procedure for measurement and calculation of UTM‘s carbon emission will 

depend on data that have relevance to global warming within the campus. These are 

mainly carbon emission from: 

i. Electricity energy (combustion of fossil fuel from internally generated 

electricity or emission  sources in the case of fuel mix from external 

electricity generation of university campus). 

ii. Energy use in transportation (i.e. fuel combustion from movement of 

goods and services within the campus). 

 

Finally, the inventory of carbon emission in UTM is based on the energy 

consumption pattern as describe in the university campus energy flow chart (Figure 

4.3). The university was categorized into five major operational areas including four 

service demand areas and the transport sector based on the electricity and fuel energy 

use pattern and a detailed study of pattern of energy use for all he sectors constituted 

the scope of carbon emission for Universiti Teknologi Malaysia. 

 

 

 

 

1.7     Research Questions 

 

The primary research question for this study is how to achieve environmental 

sustainability in the university campus through low carbon emission. Specific sub-

questions to address this main research question are as follows: 

i. What measurable criteria of university campus sustainability 

contribute most to global warming 

ii. What are the energy consumption pattern that contribute to carbon 

emission in the university campus 

iii. What is the effective method to calculate CO2 emission from energy 

use in the university campus? 
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vi. Can the CO2 emission of the university campus be simulated to 

facilitate prediction and setting of targets for planning and 

implementation of emission reduction?  

v.  How can the practices of energy use in Malaysian universities be 

 monitored to encourage carbon emission reduction and reduce the 

 global warming impact of the university campus? 

vi.  What strategies and initiatives would reduce CO2 emission and 

 achieve sustainable university campus. 

 

 

 

 

1.8 Significance of the Study 

 

The development of GHG inventory is a key to achieving energy action plan 

(Pepple, 2009). This is significant to the sustainability of university campus because 

it presents the picture of the current status of carbon emissions of the university, 

which allows the university to make informed decisions about managing energy use 

and setting targets to reduce emission for the university.  

 

For instance, additional students‘ population may require additional space in 

square meter which means additional energy needed in the buildings. This may 

require the development of a plan that aims at energy efficiency and more efficient 

building utilization. This study is significant to emission reduction or retrofits 

projects for the conservation of energy in existing buildings in the campus and will 

also be useful in determining or simulating and forecasting .carbon emission for new 

constructions. 

 

The CO2 inventory is a significant tool to measure and monitor future 

emission and useful device to set targets towards low carbon campus.  Similarly, 

based on the data, a model may be developed that establishes the relationship 

between carbon emission, floor space and population. Based on the carbon emission 

report, policy decisions can be facilitated to regulate the Annual Energy Use Index 

(AEUI) as well as for comparisons of energy use in buildings based on increase in 

population or spatial space.  
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The CO2 inventory for electricity and transport from this study may form the 

basis for future emission targets for the university and assist the university to move 

forward in a verifiable manner. The proposed Malaysian university campus emission 

tool developed in this study will assist the university to achieve sustainability, set 

emission reduction targets and provide the spring board for UTM to attain leadership 

position in achieving university campus sustainability in the region upon which 

further initiatives and partnerships for sustainability could be developed among 

Malaysian universities in general. 

 

Furthermore, this research presented a simple method of calculating the 

university carbon footprint in a manner that is direct, offering clearer understanding 

of the magnitude of carbon emission according to service demand and use types. Not 

only will this facilitate clarity in making policy decision but will also offer 

opportunity for innovation as well as effectiveness in the implementation of 

strategies for emission reduction. Such innovation and experience can be shared 

among other universities.  

 

The emission result in UTM will facilitate comparison and encourage 

emission reduction among university campuses in Malaysia, as well as reveal critical 

action areas of emission reduction among the service sectors as well as offer more 

efficient methods to reduce energy consumption among the use types, especially 

when the results of successes and achievement are published from where lessons 

could also be learnt by other universities  

 

Furthermore, information on the basis of emission per meter square and per 

capita will stimulate competition among the universities, and also be very valuable 

for strategic decision making towards CO2 emission reduction. The study will offer 

the potential for benchmarking and reduction of CO2 in UTM in particular and 

stimulate awareness as well as give direction to campus energy sustainability among 

Malaysian universities in general. 

 

Another significance of this study is that the technique can be used 

universally to examine or compare the carbon emission from energy use of other 

university campuses to determine their impact on global warming as well as a 
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measure to bench mark sustainability among the country‘s universities. Also the 

method of presenting emission according to service sectors will offer opportunities 

for piecemeal corrective measures for specific areas or uses.  

 

Finally, the findings of this study will guide the administrators, faculty, staff, 

and students in the universities who are interested in reducing emission of CO2, and 

energy cost as well as creating a sustainable campus. This research will add to the 

literature in the area of creating sustainable campuses and also provide a foundation 

for further study in campus sustainability efforts in Malaysia. 

 

The main contribution of this research is the development of a prototype 

calculator which offers opportunity to quantify and reduce carbon emission from 

energy use. This will help university administrators to objectively tackle the main 

emission sources and to attain energy sustainable campus. Also the carbon emission 

result of UTM will enable effective planning of carbon emission reduction and 

encourage more efficient management of energy use in the campus as well as 

promote sound environmental quality 

 

This thesis also demonstrates how an approach of measuring carbon emission 

of energy use for transport and electricity can be developed to reduce the global 

warming impact of university campuses and promote sustainability initiatives and 

partnership among Malaysian universities. In view of the high population and large 

number of universities in Malaysia, it is believed that the approach will contribute 

towards achieving the government‘s goal of reducing carbon emission in the country 

by 2020 and stimulate the low carbon campus movement through low carbon 

emission which can be attained in piecemeal among the universities 

 

.  

 

 

1.9 Delimitation of the Study  

 

The following factors may affect the result of the study or how they were 

interpreted and could limit the generalizability of the study results. This study was 

delimited in time and space and conducted predominantly in Universiti Teknologi 
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Malaysia based on electricity consumption and transport survey and available data 

for the year 2010/2011.  

 

The main energy sources for Malaysian universities are electricity, petrol or 

diesel fuel and natural gas. Since the use of natural gas in high quantities is not 

famous among Malaysian university campuses, this study focus on emission from 

electric generation and vehicular transport fuels. The study also did not consider 

emission from refrigerants because despite its global warming potential, emission 

from Aerosol, Fertilizers and other chemicals are not carbon dioxide emission from 

energy use, although they may have high global warming potentials their quantity is 

very low compared with carbon dioxide which contributes above 95% to GHG 

emissions. 

 

The study did not consider the energy use in other processes and consumption 

such as water, waste or sewage treatment or the embodied energy in consumption of 

material such as paper or food on campus, which are deemed scope 3 emissions. 

Also, the levels and cost savings in terms of currency per CO2 reduction was not 

included in the study, however future studies may consider net capital saving or 

annual cost analysis of energy sustainability policy or goal to produce cost saving per 

tCO2 and energy cost savings for transportation and purchased electricity as well as 

from onsite stationary energy generation in the university.   

 

Based on the three major globally recognized energy uses types, the study 

area was delimited according to categories of energy uses that emit carbon within the 

university. Another limitation is that some data were not included in the study, either 

because they were not available or because their addition or omission would not 

make a significant difference. For instance, the study could not retrieve data on 

categories of energy use for natural gas (quantities of natural gas use in UTM was 

not available – majority of the private kitchens and dining could not provide such 

data). However, a column is reserved for this data in the prototype calculator, which 

may be considered in subsequent research and carbon emission inventory.  
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Finally, the commuters transport data was delimited to vehicles on normal 

mid-week day from the gates of the campus while data on electricity was based on 

the university meter readings. 

 

 

 

 

1.10   Thesis Structure 

 

This thesis consists of seven (7) chapters. Chapter 1 is the introduction to the 

research and discusses the basis of the research, problem statement and the objectives 

and scope of the study. The second chapter looks at the review of related literature, 

works and researches on issues of global warming and the challenges of university 

campus energy sustainability. It shows the trends of university campus sustainability 

issues and illustrated the pattern of energy flow, explain the existing tools of 

measurement of carbon emission in the university campus as well as describe the 

process of achieving energy sustainability in university campus and also discuss the 

barrier for implementation of energy sustainability as well as review the 

collaborative approach to campus sustainability among others.  

 

Chapter three discusses campus sustainability initiatives and best practices in 

university energy sustainability. It describes the regulatory bodies and tools that 

shape university campus sustainability, explains the practices and policy to cope with 

issues of energy use and physical operation in the campus environment through 

carbon emission reduction, mention university campus sustainability initiatives and 

discuss approaches and best practices approach to energy sustainability on campus. 

The fourth chapter of this thesis presented a detailed description of the study 

methodology and the process involved in conducting this research.  

 

 Also, chapter five discusses the methods of accounting for carbon dioxide 

emission and gave the description and the application of the Malaysian University 

Carbon Emission Tool (MUCET), while chapter six presented the analysis of the 

data and discuss the appropriate findings. Finally chapter seven concludes the thesis, 

providing recommendations for reducing emissions of carbon dioxide in the 

university campus.  
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